Extraction followed by reverse phase liquid chromatography (LC)/electrospray ionization-ion trap-mass spectrometry (ESI-IT-MS) analysis has been successfully developed for the determination of peptaibols, fungal toxic metabolites, in marine sediments. Spiking experiments showed that the mean recovery of target compounds exceeded 85% at a spiking level of 10 ng/g of sediment (wet weight). Detection and quantification limits were 250 and 830 pg/g of sediment, respectively. The method developed constituted the first sensitive assay for quantification of peptaibol trace amounts in a natural environment. A concentration of 5 ng/g in sediment samples collected from Fier d'Ars was found.
Introduction 35 36
Fungal production of mycotoxins in the marine environment is proposed as a possible 37 cause for episodes of unexplained toxicity observed in shellfish populations during the last 38 decade. Within this framework, numerous strains of toxigenic saprophytic fungi were isolated 39 from shellfish, sediment and seawater samples collected in shellfish farming areas [1] . Among 40 them, different strains of Trichoderma sp., grown in marine-like culture conditions, produced 41 peptaibols, peptidic metabolites, which are toxic for different larval models (diptera or 42 crustacean larvae) [2] . 43 44 Peptaibols constitute a constantly growing family of linear peptide antibiotics of 45 fungal origin. They are characterized by a molecular mass from 500 to 2200 u, an acetyled N-46
terminus, a C-terminus amino alcohol and a high content of a non proteinogenic amino acid, 47 α-aminoisobutyric acid (Aib or U) [3] . Peptaibols are exclusively produced by filamentous 48 fungi mainly belonging to the genera Trichoderma, Acremonium, Paecilomyces, 49
Emericellopsis and Gliocladium. They have been classified into subfamilies according to their 50 amino acid chain lengths (ranging from 5 to 20 residues) and their chemical characteristics 51
[4]. These fungal metabolites exhibit a variety of biological activities resulting from their 52 membrane-modifying and pore-forming properties. Thus antibacterial, antifungal and 53 occasionally antiviral and antiparasitic activities have been reported [5] [6] [7] [8] . 54 55 A previous experimental contamination has shown that peptaibols can be accumulated 56 in filter-feeder molluscs (Mytilus edulis) when present in sea-water as soluble compounds [9] . 57 The presence of such compounds in the marine environment could lead to health risks for 58 shellfish and their consumers. Different peptaibols were recently detected in sediments in a 59 marine area devoted to shellfish farming (Fier d'Ars, Atlantic coast, France) [10] . These 60 sediment samples displayed high toxicity for mussel larvae in the absence of significant 61 contaminations (metals, PCBs, HAPs, pesticides, antibiotics) or eutrophication [11] . 62 Developing analytical methods allowing the precise determination of these fungal metabolites 63 in the marine environment is therefore of great interest in order to establish a causal 64 relationship between peptaibol concentrations and biological effects. mode. To ensure optimal detection, perfusion of a methanolic solution of alamethicin F50 (50 143 ng/mL) into the flow of LC using a micrometrically automated 250-µL syringe (Hamilton,  144 Reno, NV, USA) at a flow rate of 3 µL/min was performed to optimize the mass spectrometer 145 parameters. The spray voltage was set to 4.50 kV, the capillary temperature to 266°C and the 146 capillary voltage to 42 V. Nitrogen flow rates were 89 and 37 (arbitrary units), respectively, 147 for sheath and auxiliary gas. The parameters of ion optic transmission were adjusted to 55 V 148
for Tube Lens Offset, -3.50 V for Multipole 1 Offset, -6 for Multipole 2 Offset and 400 V for 149
Multipole RF Amplifier (peak to peak). 150 MS n spectra acquisitions were carried out with a collision energy of 32% and an isolation 151 width of 1 u. 152
All spectra acquisitions and reworks were done using LCQ Xcalibur The recovery of alamethicin F50 was not significantly different depending on modes 1 224 and 2 as shown in Fig. 1a (Mann-Whitney, p-value = 0.042). However, there were 225 significantly fewer impurities eluted when using mode 2 than when eluted with mode 1, as 226 shown in Fig. 1b 
LC/MS quantification of peptaibols 257 258
External and matrix matched calibrations were compared for peptaibol quantification. 259
To investigate the matrix effect, matrix matched calibration was performed using sediment 260 extracts spiked with the alamethicin F50 reference solution after purification (e.g. for fraction 261 D, Fig. 3a, b, c) . Both external and matrix matched calibration curves, obtained by summing 262 the peak areas of the two alamethicin components F50/5 and F50/7, were observed to be 263 linear up to a concentration of 100 µg/L with correlation coefficients higher than 0. Intra-day statistics of accuracy and precision were determined for matrix matched 283 calibration method (Table 2 ). The accuracy, expressed in terms of bias (deviation from true 284 values) was between 29% for the lowest concentration (below LOQ), and 2% for a 285 concentration of 9.4 ng/g of sediment. The precision, given by relative standard deviations, 286
was from 10% for a concentration of 0.6 ng/g to 2% for a concentration of 9.4 ng/g. 287
The whole procedure, from sample treatment to instrumental quantification, provided 288 a satisfactorily accurate result with a recovery of 86 ± 4% determined using spiked sediment 289 samples at a concentration of 10 ng/g (Fig. 1a) . m/z 991.7, Fig. 4a, b) . The molecular masses and retention times of these compounds are 308 shown in Table 3 . To confirm their peptaibolic nature, MS 2 fragmentation was carried out. 309
Fragmentation profiles were obtained for the two main ions m/z 991.7 and 998.7 and were 310 similar in both cases to the fragmentation pattern of long-sequence peptaibols (e.g. for m/z 311 991.7, Fig. 4c ). An identical N-terminus fragment at m/z 1163.8 was identified for these two 312 peptaibols. Two different C-termini parts were observed, respectively, at m/z 773.5 and 787.5. 
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The main fragments corresponding to a n and y n ion series are shown. 
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